The increased expression of quinone reductase (OR) has been associated with anticarcinogenic processes. The aim of this study was to explore the roles of the cruciferous vegetable-derived indoles, indole-3-carbinol (I3C) and indolo [3,2-b]carbazole (ICZ), on the regulation of OR in both murine (Hepa-1) and human (HepG2) hepatoma cells. The results indicate that ICZ enhanced OR activity in both Hepa-1 and HepG2 cells, whereas its parent compound, I3C, had no significant effect on the induction of OR. Moreover, the ICZ-induced OR activity showed a higher response and expressed a more-significant dose-response in Hepa-1 cells. OR mRNA expression as analyzed by RT-PCR demonstrated a pattern similar to that of the enzyme activity. In conclusion, I3C did not show an enhancement effect on OR activity, but its acidic derivative, ICZ, increased the expression of OR mRNA, which then caused the augmentation of OR activity in Hepa-1 and HepG2 cells.
. A number of studies have demonstrated that cruciferous vegetables and I3C can modulate OR activity in animals and cul tured cells (20) (21) (22) (23) (24) (25) (26) , but it is not clear whether I3C per se or its derivatives are responsible for such induction. Since induction of the OR enzyme may be regarded as a detoxifying or a protective process (27, 28) , and be cause hepatoma cells are responsive to various xenobi otics and express high levels of xenobiotic-metabolizing enzymes, the present study investigated the effects of I3C and ICZ on the expression of OR in both murine and human hepatoma cells. 
RESULTS
To examine the effects of I3C on QR activity in he patoma cells, cells were treated with different concen trations of 13C, and QR activity was determined after 16, 24, and 48h of treatment. The results indicated that I3C, at concentrations ranging from 10-10 to 10-5M , did not affect OR activity in either Hepa-1 ( Since ICZ can enhance QR activity in hepatoma cells, and because the expression of OR is transcriptionally regulated, RT PCR was performed to examine whether or not the induced QR activity was due to the increased expression of OR mRNA. Parallel to the enzyme activity, the level of OR mRNA increased with increasing con centrations of ICZ after 24h of treatment in Hepa-1 cells. As shown in Fig. 4A , the relative location of the amplified OR cDNAs after agarose electrophoresis in Hepa-1 cells was similar to that in a study previously described (32 ) . In addition, the amplified QR cDNA (379bp) in HepG2 cells did not show a significant con centration-dependent effect (Fig. 4B and 4C) (38) . In addition, the potential roles of cruciferous vegetables and their indolic derivatives as antioxidants have been reported (40) (41) (42) . The possibility that ICZ acts through the ARE sequence to activate the expres sion of the OR cannot be ruled out, but this needs to be investigated further.
In the present study, we demonstrate that ICZ has a higher and more-sensitive OR inducibility in Hepa-1 than in HepG2 cells. The Hepa-1 cell line is derived from murine hepatoma cells that express high levels of xeno biotic-metabolizing enzymes, such as CYP1A1. The HepG2 cell line is derived from human hepatoblastoma cells, and it has also been shown to express various xenobiotic-metabolizing enzymes. Kikuchi Modification of xenobiotic-metabolizing enzymes by dietary chemopreventive compounds is closely associ ated with their anticarcinogenic effects (11, 12) . Cruciferous vegetables and their derivatives have been shown to induce both phase I and phase H xenobiotic metabolizing enzymes, including CYP1A1, OR, and GST (20, 21, 44) . These compounds have also been reported to reduce levels of carcinogen-DNA adducts (45) and induce cell cycle arrest and apoptosis in cultured cells (46) . Because epidemiological studies have also indicated the anticarcinogenic properties of cruciferous vegetables (6, 7) , the overall outcome of cruciferous vegetable consumption may therefore be more toward protection of the cells from carcinogenic pathways. Two major classes of phytochemicals, indoles and isothiocyanates, have been identified in cruciferous vegetables, and both have been shown to involve protective effects. Among these, the indolic derivative ICZ induces OR activity at a concentration as low as 3.125nM in Hepa-1 cells, and induces CYP1A1 activity at 67.5nM (38) . One serving of Brussels sprouts (100g) would provide a dose of 1-5 nmol of ICZ (47) and produce 0.2-1nM of plasma concentration in a 70kg person based on blood volume in the adult human that comprises 7% of body weight. Hence, the effect of the ordinary consumption of Brussels sprouts seems to be able to provide effective concentrations of ICZ in the blood.
In conclusion, we have demonstrated that the 13C derived from cruciferous vegetables does not induce OR activity in hepatoma cells. However, its acidic deriva tive, ICZ, enhances the expression of OR mRNA, thus increasing OR activity in both murine and human hepatoma cells, and such induction may explain, at least in part, the anticarcinogenic effect of cruciferous vegetables.
